PURPOSE Misconceptions associated with radiotherapy (RT) may affect the patient's choice to undergo or not undergo RT. In this study, the level of awareness and perceptions about radiation and RT, as well as their impact on the use of RT, were assessed.
INTRODUCTION
Radiotherapy (RT) remains an important modality in the management of cancer because approximately half of all newly diagnosed patients with cancer require RT at some point during the course of their disease. 1, 2 RT is a highly cost-effective treatment modality, accounting for only 5% of the total cost of cancer care. 3 It can be used either alone or in combination with other treatment modalities, such as chemotherapy and hormonal therapy, in a variety of tumor sites.
Optimal RT use (oRTU), defined as the proportion of all patients with cancer with an indication for RT, varies between countries, depending on case mix of the cancer types and stages at presentation. Evidencebased estimates of oRTUs range from approximately 47% to 56%, regardless of the level of economic development. 4, 5 Actual RT use rates, however, vary widely, depending on the level of economic development, with rates ranging from 9% to 46% in low-and middle-income countries (LMICs) 6 and 54% to 108% in high-income countries. 5 Access to RT is the main barrier to oRTU in LMICs with alarming scarcity in radiation oncology resources. Only approximately 40% of LMICs had infrastructures for radiation oncology in 2013. 8, 9 In studies in African countries, RT accessibility ranged from 0% to 88%, 9 and approximately 60% of all radiation oncology resources were located in only 2 countries, Egypt and South Africa. 10 Even in countries with nearly adequate resources, resources tend to be located in large urban centers, creating a geographic barrier to RT access. 11 Although RT access is recognized as the main barrier to the use of RT, other factors that are not directly related to access may affect the use of RT. 12 Patients' or carers' awareness and perceptions about RT are part of consumer-level factors that might affect the use of RT. Patients with cancer who would benefit from RT may opt for complementary and alternative therapies Author affiliations and support information (if applicable) appear at the end of this article.
Accepted on October 1, 2019 and published at ascopubs.org/journal/ jgo on November 8, 2019: DOI https://doi. org/10.1200/JGO. 19 . 00175 because they believe that RT is less beneficial and riskier. 13, 14 Public awareness about RT and its importance in cancer management is low. A survey on the public awareness of RT in the United Kingdom revealed that only 10% of people were aware that RT can cure a large proportion of cancers, and approximately 40% had negative perceptions about RT. 15 These negative perceptions are exacerbated by information from the media, such as links to nuclear power plant accidents, nuclear weapons, and secondhand experiences. 16 They increase anxiety about RT and may lead to delay in seeking care or refusal of treatment. 17 Like other low-income countries, Tanzania had only 2 cobalt-60 units serving a population of about 47 million in 2012. 18, 19 In this situation, a national cancer control strategy (2013-2022) was developed to address problems in cancer control, and among its objectives were ensuring timely access to optimal treatment. 20 Implementation of this strategy has resulted in an increase in the number of teletherapy units from 2 in 2012 to 7 in 2017, as well as establishment of RT services in one zonal hospital. Therefore, in light of the benefits of this investment in RT infrastructures, other factors that might affect the use of RT must be addressed. In this study, we assessed the influence of awareness and perception of RT on RT uptake among people of diverse sociocultural backgrounds in the city of Dar es Salaam, Tanzania.
MATERIALS AND METHODS

Setting
The study was conducted in the Dar es Salaam region in Tanzania. Dar es Salaam is the largest and major industrial city in Tanzania, located along the Indian Ocean. It has a population of approximately 5.5 million, 21 which constitutes approximately 10% of the population of Tanzania. Dar es Salaam is a metropolitan city, with a mixture of people from all ethnic groups, with the highest (compared to all other cities in Tanzania) in-migration rate of about 31%. 22 The major health services facilities, including the Muhimbili National Hospital and the Ocean Road Cancer Institute (ORCI), are located in Dar es Salaam.
Study Population
A cross-sectional survey was conducted in the Dar es Salaam region in Tanzania between November 2018 and March 2019. Stratified sampling was used to obtain a sample of 629 respondents, which included 53 patients with cancer, 129 health professionals, 127 medical/nursing students, and 320 individuals from the general public.
Patients with cancer were randomly sampled from newly diagnosed patients referred to the ORCI for treatment, whereas respondents from the general public were randomly sampled from both slum and nonslum areas of the city. Health professionals were randomly sampled from both public and private hospitals in Dar es Salaam. Final-year medical and nursing students were randomly sampled from both public and private medical universities in Dar es Salaam.
Data Collection Tools
A list of misconceptions about RT was created by asking radiotherapists, radiation oncologists, and nurses involved in caring for patients with cancer about mistaken perceptions. Additional items were added to the list by asking a small sample of members of the public about RT. The list was presented to a panel of 5 experts, consisting of radiotherapists and radiation oncologists, for their input, and a final list of 21 items was obtained and used to create questionnaires. Thirteen items associated with a definite piece of information were categorized under "knowledge," and the remaining 8 items not associated with a definite answer were categorized under "perception." The questionnaire had a section with questions about sociodemographic characteristics and RT uptake. Questionnaires were administered to 10 potential respondents to test whether the questions captured the intended information.
CONTEXT
Key Objective
To assess awareness and perceptions of radiotherapy (RT) among residents of Dar es Salaam and how awareness and perceptions affect RT uptake.
Knowledge Generated
We found that the level of RT awareness among respondents was low, and a large proportion had negative perceptions about RT. Low awareness and negative perceptions were found to be significant barriers to RT use. Relevance One of the objectives of the national cancer control strategy (2013-2022) is to ensure that quality RT services are accessible to all patients with cancer. To achieve this objective, the government is committed to investing in modern RT infrastructures, as well as establishing more RT centers. However, to ensure that investment in RT infrastructures is translated to increased RT use, gaps in awareness and negative perceptions must be addressed because low awareness and negative perceptions can significantly affect RT use.
Quality Control
Data collectors were trained to ensure they understood the meaning of every survey question, procedures during data collection, and how to respond to the participants' questions. Items and response choices were read to respondents who had difficulty reading because of illiteracy or poor vision.
All respondents in this study signed a written informed consent form. Ethical clearance was obtained from the ORCI Academics, Research, Publications, and Ethics Committee.
Data Analysis
Each right response to the 13 awareness items was given a score of 1. Overall awareness scores below the 25th percentile, between the 25th and 75th percentiles, and above the 75th percentile were grouped as low, medium, and high awareness, respectively.
Responses from 8 perception items were given scores of 1 if the respondent agreed, −1 if the respondent disagreed, and 0 it the respondent neither agreed nor disagreed. The overall perception score was the sum of scores for all 8 questions. Overall scores at or above the 25th percentile were grouped as negative; those between the 25th and 75th percentiles were taken as neutral, whereas those above the 75th percentile were taken as positive.
The Kruskal-Wallis and χ 2 tests were used to explore the association between overall awareness, perception and RT uptake, and sociodemographic characteristics. A P value , .05 was considered statistically significant. Statistical analyses were performed using Statistical Package for Social Sciences for Windows software (version 23.0; SPSS, Chicago, IL).
RESULTS
Sociodemographic Characteristics of Respondents
A total of 629 participants were included: 53 patients with cancer, 320 participants from the general population, 129 health professionals, and 127 students. There were 344 male respondents (54.6%), and 285 female respondents (45.4%). The majority of the respondents (54%) were 30-44 years of age. A total of 594 (94.6%) had formal education, and more than 50% had acquired a diploma or degree. Sociodemographic characteristics are summarized in Table 1 .
Awareness of RT
The average rate of right responses from all 13 awareness items was 35.6%. The majority of respondents (83.1%) believed that RT would reduce their lifespan. The highest rate of correct responses was recorded for the item, "Radiation is just like light and doesn't treat, is just given to deceive patients," which had a correct score of 46.6% ( Table 2 ). The results revealed that 33.9% of respondents had low levels of awareness about RT, whereas 42.8% and 23.2% had medium and high levels of awareness, respectively. The lowest agreement rate was recorded for the item "RT will cause another cancer," with an agree score of 29.9% ( Table 3 ). The expected response for a respondent with positive perceptions was "disagree" for all 8 perception items. Overall, 37.4% of respondents had a negative perception score, whereas 28.3% had a positive perception score.
Factors Influencing Awareness of RT
The association between awareness and respondent sociodemographic characteristics is summarized in Table 4 .
Population stratum. The Kruskal-Wallis test provided strong evidence of a difference between mean ranks of at least 1 pair of groups in the population stratum (χ 23 = 34.115; P , .001). Pairwise comparisons showed evidence of Soko et al statistically significant differences between patients with cancer and medical/nursing students (P , .001), as well as patients with cancer and the general public (P , .001). The median awareness score was 5.00 for medical/nursing students and 4.00 for both patients with cancer and the general public.
Place of residence. There was strong evidence for a difference between mean ranks of slum and nonslum areas (χ 21 = 12.645; P , .001). The median awareness scores were 3.00 and 5.00 for slum and nonslum areas, respectively.
Age. The Kruskal-Wallis test provided strong evidence of a difference between mean ranks of at least 1 pair of age groups (χ 22 = 12.368; P = .002). There was evidence of a statistically significant difference between the . 45 years of age and , 30 years of age groups. The median awareness scores were 4.00 and 5.00 for . 45 years and , 45 years of age groups, respectively.
Marital status. There was strong evidence of a difference between mean ranks of at least 1 pair of groups in marital status (χ 24 = 23.573; P , .001). Statistically significant differences were found in 3 pairs, which included widowed/ single (P = .019), widowed/cohabiting (P = .001), and married/cohabiting (P = .002). The median awareness scores were 4.00 and 5.00 for widowed/cohabiting and widowed/single, respectively.
Level of education. The Kruskal-Wallis test provided strong evidence of a difference between mean ranks of at least 1 pair of groups in the level of education (χ 24 = 31.78; P , .001). Four pairs of groups, including primary/college (P , .001), primary/higher education (P = .001), secondary/ college (P = .002), and secondary/higher education (P = .002), showed statistically significant differences. Median scores were 4.00 for primary and secondary, and 5.00 for college and higher education.
Occupation. There was strong evidence of a difference between mean ranks of at least 1 pair of groups in occupation (χ 24 = 62.006; P , .001). There were statistically significant differences between students and petty traders (P , .001), peasants (P , .001), housewives (P , .001), and those employed (P = 0.004). Statistically significant differences were also observed between employed individuals and peasants (P = .043), as well as employed individuals and housewives (P , .001). The median awareness scores were 6.00 for students, 3.00 for housewives, 3.50 for peasants, 4.00 for petty traders, and 5.00 for employed individuals.
Factors Influencing the Perception of RT
The association between perception of RT and sociodemographic characteristics is presented in Table 5 .
Population stratum. There was strong evidence of a difference between mean ranks of at least 1 pair of groups in the population stratum (χ 23 = 58.322; P , 0.001). There was strong evidence of a difference between the general public and health professionals (P = .034), students (P , .001), and patients with cancer (P , .001). Furthermore, there was evidence of a statistically significant difference in perception scores between health professionals and students (P = .018), as well as health professionals and 
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Journal of Global Oncology patients with cancer (P = .010). The median perception scores for the 4 groups were 2.00 for patients with cancer, −1.00 for the general public, 0.00 for health professionals, and 2.00 for students. There was no evidence of a statistically significant difference between the medical/nursing student and patient with cancer pair (P = 1.000).
Level of education. There was strong evidence of a difference between the mean ranks of at least 1 pair of groups in level of education (χ 24 = 30.060; P , 0.001). Pairwise comparisons showed strong evidence of a difference in perception scores in 2 pairs, between secondary and higher education (P , .001) and between college and higher education (P , .001). The median perception scores were −1.00 for secondary as well as college education and 0.00 for higher education. There was no evidence of a statistically significant difference between the other pairs.
Marital status. There was strong evidence of a difference between mean ranks of at least 1 pair of groups in marital status (χ 24 = 12.106; P = .017). There was strong evidence of a statistically significant difference between cohabiting and being single (P = .006). The median perception scores were −2.00 and 0.00 for cohabiting and being single, respectively. There was no evidence of a statistically significant difference between the other pairs.
Occupation. There was strong evidence of a difference between mean ranks of at least 1 pair of groups in occupation (χ 24 = 15.486; P = 0.004). Pairwise comparisons showed statistically significant differences between those employed and peasants (P = .023) and petty traders and peasants (P = .023). Median scores were −1.00 for petty traders and being employed, as well as 1.00 for peasants.
Predictors of the Use of RT
Results showed that 52% of respondents would accept RT, whereas 23.1% would decline it. Statistically significant associations were found between RT uptake and the following factors (Table 6) : population stratum (P , .001), place of residence (P , .045), age (P , .001), marital status (P , .001), level of education (P , .001), RT awareness (P , .001), and perceptions of RT (P , .001).
DISCUSSION
Despite the fact that RT continues to be an important modality in cancer management, its public image remains negative. 23 This has led to underuse of RT, even in patients in whom it can provide substantial benefit in terms of achieving cure or palliation. This study explored public awareness and perceptions about radiation and RT, which are key issues concerning the use of RT.
We found that the level of RT awareness among respondents was low. The majority of respondents (83.1%) believed that RT would reduce their lifespan, and approximately 60% thought they would become radioactive after RT. More than 60% of respondents were not aware that RT could be used to treat advanced cancer, children, and older patients. The levels of awareness found in this study are consistent with those reported in previous literature. [24] [25] [26] RT awareness was influenced by population category, place of residence, age, marital status, level of education, and occupation. As previously reported, 26 Furthermore, approximately one third of respondents in this study had negative perceptions about RT, and only approximately one quarter had positive perceptions. Approximately 40% of respondents perceived that RT would cause erectile dysfunction and infertility, whereas approximately 30% believed that RT would cause another cancer. Approximately 31% of respondents perceived that RT would cause early side effects, including skin burns, hair loss, and nausea and vomiting. These results are consistent with those reported by Gillan et al, 16 who found that approximately one third of the public had negative perceptions about RT. 16 Shaverdian et al 24 found that negative perceptions were fueled by concerns about side effects, such as skin burns, hair loss, and nausea and vomiting. Perceptions about RT were most negative in the general public and most positive in patients with cancer and medical/nursing students.
In this study, approximately half of respondents would accept RT if recommended as part of their treatment, whereas nearly a quarter would reject it. The choice of whether to have or not to have RT was found to be influenced by age, education, marital status, awareness, and perception about RT. The proportion of patients with cancer who would accept RT found in this study was consistent with proportions reported in other publications. 17, 27 However, the proportion of health professionals who would accept RT was surprisingly low. This has wider implications in the use of RT because patients' choice of either to have or not to have RT is influenced by the recommendation of health professionals. 28 Patients may go back to their general practitioners to obtain their opinions on whether to undergo RT or not after consultation with the radiation oncologist; therefore it is important that health professionals have awareness and positive perceptions about RT to help patients make a decision.
RT awareness and perceptions were found to be significant predictors of RT uptake. Nearly 70% of respondents with high awareness would be willing to accept RT, whereas only approximately 45% of respondents with low awareness would be willing to accept it. Low awareness of and negative perceptions about RT may affect its use by fueling concerns such as side effects among referring physicians, patients, and their families. 29 Sharma and Malik 30 explored perceptions, attitudes, and knowledge of RT among referring physicians and found that 18% of physicians did not refer patients for RT because of concerns about side effects. To bridge this gap, cancer treatment centers should take responsibility to ensure that basic understanding of RT and available infrastructures are present among referring physicians by offering facility visits as well as continuing medical education workshops. Furthermore, concerns about side effects were found to be significant consumerrelated barriers to the use of RT in several studies. 16, 17, 19, [31] [32] [33] The majority of patients with prostate cancer who declined treatment mentioned concerns about side effects, including impotence and incontinence, as the main reasons for their choice. 34 A lack of understanding of the potential benefits of treatment as a result of low awareness can have a significant impact on the use of RT. Among black African patients with breast cancer in Cape Town, South Africa, refraining from RT was linked to a belief that RT would scar and cover their tumors, making them inaccessible to traditional medicines. 32 These concerns can only be alleviated by efforts to improve RT awareness among the public.
In conclusion, public awareness toward RT in Dar es Salaam is not only low, but negative perceptions also prevail. Low levels of awareness and negative perceptions are significant barriers to the use of RT. To realize the benefits of investment in RT infrastructures in Tanzania as stipulated in the national cancer control strategy, public education on RT should be provided to improve awareness and perceptions about it to increase its uptake. No potential conflicts of interest were reported.
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